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Members of the Air Force will recognize a lot of what I have to say 
this morning because the Navy operated in a very cost-effective mode for 
the taxpayer. We made extensive use of technology originally developed 
by the Air Force and I would like to acknowledge the contributions of 
Major J. Frichett and Messrs. H. Wood and N. Tupper. Also, we had 
contact with NASA, specifically Mr. C. C. Poe, Jr., and we took some 
information from the B-1 paper that was published a few years ago. 
Consequently, a number of people in the audience this morning should have 
an acquaintance with the material I want to present to you. 
What I am going to be talking about is design philosophy in the 
Navy. These are not necessarily programs that are fully developed at 
this point, however. 
First of all, I 1 ll give some background describing what a high-
performance ship is. Around the mountains here at the Science Center you 
may have some trouble visualizing high performance ships, but use your 
imagination. Next, I 1 ll describe what fatigue and fracture analysis is 
all about; I am going to use a simple example for those of you who are not 
familiar with it. Thirdly, I 1 ll describe the structure that you might 
typically find on a high-performance ship, and the type of technology 
that we have currently available which we can draw from to institute the 
fatigue and fracture control for high-performance ships. 
* The op1n1ons and assertions contained herein are those of the author and 
are not to be construed as official or reflecting the view of the 
Department of the Navy or the Naval Service at large. 
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Background 
The high-performance ships that we are concerned with are weight 
' 
critical structures. It is important that weight be minimized, as you can 
see, on the hydrofoil shown in Fig. la. They do fly. They fly through the 
water. They fly on foils which act like wings. In Fig. lb an air-cushion 
vehicle is shown. It is propelled on a bubble of air. The heavier the 
structure, the more air pressure you have to put underneath the structure. 
Again, the ACV is weight critical. A surface effect ship is shown in Fig. lc. 
It is somewhat similar to an air-cushion vehicle except for the configuration 
of the containment structure for the air bubble. Finally, a planning craft 
is shown in Fig. ld. Once these ships pass a critical speed they sit high 
in the water. When you go to watch the boatraces, those types sit on maybe 
an inch of water. These sit in a little more than that, but the principle 
is the same. Another surface-effect ship is shown in Fig. 2. It is a 
hundred-ton vehicle, and is undergoing proof tests for the Navy. Again, these 
are the type of ships that we are talking about. 
I want to show you a little bit of the kind of loading that these ships 
see. You can see in Fig. 3 that the ships come out of the water and then 
slam right back. You might call that a shock loading. There are other 
types of shock loading encountered such as the repetitious loading due to 
the slamming of a hydrofoil hull on the water. 
Some of the types of fractures encountered by the Navy in the past 
include the Liberty ships of the second World War. Other problems in the 
Navy are concerned with cavitation, corrosion and erosion, particularly at 
high speeds. Figure 4 shows a·brittle fracture that was encountered with 
the Liberty ships in the second World War and as can be seen are still with 
us. Most people do not realize that these problems are still with us. 
Fatigue and Fracture Analysis 
Next, I would like to go through an example of fatigue and fracture 
analysis. I am not going to be too detailed because the information is 
readily available from the literature. I am going to first briefly give 
what it is and then go through the problems in fatigue and fracture analysis. 
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In the normal course you start with an initial flaw or you first get 
a fatigue crack. Let•s say it has initiated. It grows a little while and 
then finally you get a fracture when a critical crack size is attained. Once 
we reach fracture, I don•t think there is much point to talk about it 
extensivelY because the str~cture has exceeded its useful life. So, the 
real area of interest is in the area of fatigue where you have some sub-
critical crack, a0 , which grows to a critical crack, ac. Typically, in the 
area of fatigue, there are two major approaches. One is deterministic. 
That means one plus one is two. The second major one is probabilistic; 
that is~ one plus one is usually two. Frankly, the' first one or the deter-
ministic one is the one that is used today. The probabilistic area is 
coming into its own in fatigue analysis, but I think in most cases it really 
hasn•t advanced to the point where we can use it in a design, because it 
requires extensive model formulation. 
In the deterministic area, there are two approaches. One approach is 
~ < 
the standard S-N curve which is a rather qualitative approach. Here S is 
.. 
the nominal stress level and N is the number of cycles. The second approach 
is to look at crack initiation and crack growth rates in the material of th~ 
structure which is of a quantitative nature. So, what we want to do is 
just look at the deterministic approach for purposes of this example. In 
that area of deterministic fatigue analysis, the first thing you have to do 
is determine what is the stress field. You have to do that for both areas. 
You have to do that for the S-N approach because you have to establish what 
the nominal stress, aN, level is for the structure. Then you decide whether 
the material has a sufficient endurance limit. Secondly, we have to 
characterize the material. For the qualitative approach the S-N curve must 
be found. In a?dition, we must determine ~~ versus Llt<, where a is the 
crack length, N is the number of cycles and K is the stress intensity at the 
crack tip, i.e. 
{1) 
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So, those first two, determination of the stress field and the material 
properties are used in the S-N approach. The stress level is also used in 
the fracture mechanics approach, but we use a few more items there. First 
of all, we have to know what is the minimum flaw that we might b~ able to 
detect, a0 , and that would be our starting point. Assume that ypu have a 
crack of size a0 . How long can I let it grow? You have to determine what 
the stress intensity is around the crack so you can determine what the cr~ck 
growth rate is based on the material properties. Next, you determine the 
critical flaw size ac. You can use fracture mechanics for that, and there 
are, especially in the Navy, two prime directions that you go. The first 
one is based on KIC or Kc which is found under non-corrosive conoitions. 
The second one is Kiscc which is found in a corrosive environment. 
Based on either KI or KI there is some smallest crack that will result 
c sec 
in unstable crack growth. The smallest one of these is ac. 
The next step is the determination of the final number of cyc1es the 
material or structure will see. So, you take equation (1) and rearrange it 
a little bit. You come up withtotal number of cycles for the crack to grow 
from a0 to ac' and that essentially is your fracture mechanics approach, i,e. 
Jac da 
N = ao Co(KI)M (2) 
What I would like to do is show you how this might be applied, for 
example, to a propeller. Figure 5 is a photograph of a propeller. Most of 
you don•t use them on your pleasure boats. It is 44,000 pounds, and that 
fellow is a little bit smaller than I am, so it gives you an idea of the 
size of the propeller. The blade fell off while the ship was out at sea. 
What the fracture surface looks like for a similar case is shown in Fig. 6. 
I think those of you who are active in the area of fracture mechanics or 
fatigue analysis would love this thumbnail crack. It gives you an idea of 
what we are talking about. The critical crack depth ac is 7.6 inches with 
a length of 38 inches, so we do have large dimensions and we do have quite 
a critical flaw size before final failure. 
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A propeller analysis can be given for this case. First we determine 
the materials data for the specific material used in the propeller. The 
result is that 
~~ = 3.7 x 10-8 (K1 -6) 1 ·43 inch (3) max cycle 
In equation (3) the units for K1 are KSI jlnand 6 represents a threshold 
value below which no crack growth occurs. Second, what can NOT do to 
determine the initial flaw size. Most of you that are here, I think, 
appreciate the value of NOT, but you are a very select group and I think 
you should remember that it is not widely accepted that NOT plays such a 
tremendously important role. In this case, the initial flaw size was taken 
as a0 = 0.150 inches. The depth of 7.6 inches on the blade that you saw is 
equivalent to a length of 38 inches, and the 38 inches is what is measured 
because you can see it more easily. It is a little difficult to go in depth 
in propeller blades because the grains of the material give you all kinds 
of problems. So, then the third item you have to do is the structural 
analysis. For the particular propeller that we are talking about, there is 
a formula that you can use to determine what K is in equation (3), namely 1max 
K1 =MBa ffrr max -max Q (4) 
where MB is a constant due to the effect of bending, amax is the maximum 
applied stress, a is the flaw depth and Q is the shape factor. Then you can 
integrate equation (3) which results in: 
f7.6 N = -· __ da---=:-----=------=-=----0.15 3.7 X 10-8(KI -6) 1.43 
max ( 5) . 
The integration shows that it would take 6.2 x 106 cycles. Experi-
mentally we ran a crack propagation test on a propeller, but we only ran it 
to a surface length of 8 inches. Then we used the linear extrapolation and 
the result is that the structure would see 8.1 million cycles, as shown in 
95 
Fig. 7. However, all of us know that as the crack grows under the same 
nominal applied load the more likely trend is for the crack to advance 
more rapidly. For purposes of the example, I made sure that the more likely 
trend results in the same total number of cycles as the cycles that I 
calculated with equation (5}, but I think you can see the gist of the point 
that I am making. The usefulness of NOT is obvious also. It is apparent from 
this example that it is very useful to know your NOT limitations. 
Structure 
The next thing I would like to go through is a little bit of what the 
structure of a high-performance ship is like. Figure 8 shows one of the 
hydrofoils that the Navy has, the PLAINVIEW, while it was under construction. 
For all the aircraft people here, and I think all of you are, this structure 
looks like the fuselage structure of a large airplane. Figure 9 shows a 
typical detail that you might see in the hull. The figure shows where the 
bottom and side hull meet. There are large transverse stiffeners and longi-
tudinal stiffeners, and the plating is thin steel or aluminum plating, 
generally aluminum for the ships that we have now. 
Figure 10 shows a hydrofoil box beam. This structure is part of the 
11 Wi ng 11 of the hydrofoil. It shows the kind of structure that you might see 
on a hydrofoil. If you take the box beam and you rotate it 90 degre~s, it 
shows the inner structure of a wing in the position it has in service. Here 
the structure is shown in a test. The load is applied at the upper part and 
cycled using various spectrum and various environments. 
Figure 11 shows the structure of· theSES lOOB (see also Fig. ·2). The 
craft rides on a bubble of air. The front is the bow. The whole structure 
is a very weight critical structure. Again, it is very much like an aircraft 
type structure. 
Technology 
Next, I would like to cover the technology that is available to us and 
the reason for looking into fatigue and fracture of high performance ships. 
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First of all, in a ship, why worry about fatigue of fracture? If the ship 
sinks, it is generally not thought to be as critical as when an aircraft 
crashes. However, if you start talking about hydrofoils, at the speeds that 
those craft reach, failures can be disastrous. At 40 knots, the hydrofoil 
TUCUMCARI ran into an underwater coral reef. The resulting damage was so 
severe that the craft was retired. It is not difficult to imagine that at 
those speeds considerable injuries to personnel can result as well. So, the 
things we have to contend with are high speeds, weight critical structures, 
and a seawater environment ~hich is a pretty demanding environment). We are 
concerned because of the culmination of these factors with reduced readiness. 
This is a very important point because a ship doesn't do much good to the 
Navy if they can't use it. The final item is the high repair and maintenance 
costs. Nowadays on some of the high performance ships when a flaw is found 
it is repaired immediately. That is not a very cost-effective way to do it. 
We would like to be able, eventually, to get to a stage where a crack is 
repaired on a scheduled basis which might mean holding off on immediate 
repairs. This is a little pie-in-the-sky type of thinking at this time but 
worthwhile striving for. 
We do have cracks in the high-performance structures. Figure 12 shows 
fatigue cracks in a laboratory specimen of a surface effect ship (SES). The 
SES laboratory specimen was fatigue tested and the crack grew as shown. It 
ran from the weld towards the hole and into the hull plating. Figure 13 is 
a little bit more realistic because this is a crack that was found on a 
structure that is actually in existence today, specifically the hydrofoil, 
PLAINVIEW. The PLAINVIEW is still in use, so this crack didn't cause any 
drastic things to happen, but when you get cracks that run through a whole 
beam the beam loses its effectiveness so that these cracks can be very 
dangerous in terms of the performance of the ship if they are not caught or 
if the ship is not designed so it can take such cracks. 
Figure 14 shows the type of data that is available for the designer to 
use in a qualitative fatigue analysis. Specifically, Fig. 14 shows the 
102 
'--' b 
w 
FATIGUE CRACKS IN 
LABORATORY SPECIMEN OF SES 
I 
~.-...-. ~ -;., v•o ,._,.,~~..;.~..,..-1~-.~·-..-,~,.,, 
FUEL BAFFLE PLATE 
OUTSIDE OF ., 
WATERTIGHT BULKHEAD 
Fig. 12 Fatigue Cracks in SES Laboratory 
specimen 
~ 
' ... 
CORNER PLATE 
. ~. " 
r 
;. . 
""''" 
..... I 
0 
~ 
FATIGUE CRACKS I~J LONGITUDINAL 
OF AGEH-1, PLAINVIEW 
;;L . BHo 40 · . /,. • .,:-,:A , ·· . ~- ..... --
' - '-~ '"""'~-- ---' ,. .... ., .... , . ,,.. 
- · rr f ......., ·: _ . · ,. _ ;, 
, . 
•• 1 ~-:./~~ (:·--~ ""'"" J.*.:*'"'S·~t ~·':a~~ .. 
D FR 41 
·-- 1--, 
" 
..........__ ,_. ____ '----~--~----- ~-
. ..  "'" . 
l -\ • 
. "' . ' ·---·---· ' ..... ,..._._,_ 
• 
....... ·-~~ ~~ -· '"""' ......... .,...._,,~- ...... _ .,. 
~ 
--KEEL BEAM-
~ 
-..... ,," ____ 
• 
-- .. 
• -~i;;~.; • ' ' __ ,._ li:.:-·.__ ' ' 
-i " 1. ' "'') ~1i{41-~ ' .• ,,.~ ' ' 
. ·7.:!_ ~·t,.; ,d-·:~~- ; 
Fig. 13 Fatigue Cracks in the Longitudinal 
of the Plainview 
_, 
0 
tTl 
30 
STRESS 20 
RANGE 
' 
(KSI) 
..., 
I 
1 
.. 
\ 
STRESS RANGE VS CYCLES TO FAILURE 
5456- H321 R = Omin/Omax = -1 
\ . I REGIME FOR 15 YEAR LIFE : 14 • 
BASE METAL (AIR) - I I I r 
GROUND WELD (AIR) 
GROUND WELD 
(SEA WATER} 
\ 
I . 
I 
I 
I 
" 
. -
105 II 106 
CYCLES TO FAILURE 
Fig. 14 Stress Range versus cycles to 
failure for HY-80 
j .! 
. 107 
I 
I 
I 
I 
. I 
I ~ '· I. -
I . ' 
I· 
~ 
108 
c. -, . 
endurance curve for HY-80 base metal and ground weldments in air as well 
as a ground weld in seawater. All these three test conditions use the 
same failure criteria. The first test was a base metal that was run in 
air. It was just a plain piece of material. Then we took a piece of 
material and we welded it and we ground it and we ran it in air. You see 
the weld causes a reduction in the amount of load that you can apply to it 
in order to get the same number of cycles. Now put our environment to it, 
a Navy environment and you can see what happens. Fig. 15 shows the crack 
propagation as a function of the number of cycles for four different 
materials when loaded to 3/4 of the material yield stress. It is ·clear that 
75 percent of HY80 provides a lot less absolute load than 75 percent of 
a material with a 130 ksi yield strength or 100 ksi yield strength or 180 ksi 
yield strength. A lot of designers use nominal stress levels to design 
to, and the nominal stress levels are based on yield strength, and so, there 
are a lot of drastic effects on fatigue life that can happen if the designer 
does not keep track of the effects shown in Fig. 15. 
The crack growth rate versus the applied stress intensity range is 
shown in Fig. 16 for three types of materials--aluminum alloys, titanium 
alloys, and steels. Such data have to be generated if you are going to 
start doing quantitative fatigue or fracture analysis. The Materials data 
handbook that is under development for the Air Force by Battelle is a good 
start, but the trouble is that for the Navy, they don•t seem to do that much 
good because they are all Air Force materials. We don•t use 2,000 series 
aluminum, for example, extensively. 
Fatigue and Fracture Control 
There are a number of needs that must be satisfied for a fatigue or 
fracture control program to become effective. The first one is that we 
have to know the material. We have to characterize the material. We have 
to try to develop improved fatigue or fracture performance. An allied 
development might be to improve fabrication techniques. For example, similar 
to results shown in Fig. 14, there are fabrication treatments such as shot-
peening that for some materials can have significant influence on fatigue life. 
106 
CRACK PROPAGATION 
......... " 
0 
...... 
a 
c 
0 
~ 
:E 
:::» 
:E 
->< c 
:& 
0 
... 
. eft 
11.1 
..1 
u 
>-u 
20,000 
• 
• 
• 
0.05 ·1NCHi 
INITIAL. FLAW . 
. ' 
• 
H'(-\30 51EEl 
•· 
.o 0.5 ' 
PREDICTED· MAXIMUM f:LAW 
DEPTH IN:~INCHES. 
· MSRDC. 
Fig. 15 Crack propagation at 3/4 yield 
versus number of cycles 
i -1 ---~--=--,-=--- -~-
CRACK PROPAGATION 
......... 
0 
00 
RATES FOR 
ALUMINUM, 
TITANIUM, 
AND STEELS 
w 
...J 
u 
>-
u 
---2 
2 
't3 
'"'--. 
~ 
"C 
10-3 
~ w . 
1- 10-4 
<! 
a: 
I 
1-
~ 
0 
a: 
(!) 
¥: 
u 
4: 
a: 
u 
~--r---,-.....--
I I /II / 
'! I 
gfl I 
::: :I I 
Y/1 
1/ I 
I /' I 
I I/ I 
~I 
I 
10-51 I .J ' ,, I a- 1 I I I I I I 
10 20 50 100 200 
t 
Fig. 16 Crack propagation rates for STRESS~ INTENSITY FACTOn RANGE. ~K(KSI v'ifi) 
aluminum titanium and steel alloys 
It doesn't necessarily mean if it improves the fatigue it also improves 
corrosion characterisitcs, so there is a lot of trade-off that needs to be 
done. Secondly, we have to look at structures in a quantitative way. We 
have to have analysis and design that will be able to utilize some of the 
new technology that is available, and within the Navy, we are working along 
these lines in the area of surface ships. Finally, with the structures it 
is necessary that in order to gain confidence large-scale selective veri-
fication of structural components in the laboratory be done. Thirdly, 
nondestructive testing has an equal role in a quantitative analysis of 
material structures. You can be very good on materials and very good on 
structures, and if you ignore the NOT, forget it. Don't bother spending 
a lot of money on the first two. What we need is to have the NOT techniques 
that are currently available improved or better understood. This could be 
an education program or it could also be an improvement in the application 
of techniques. Also, we have to bring the standards and specifications up 
to date. The specifications or the requirements on NOT that we used back in 
the fifties are no good today. The requirements are different, so the NOT 
specifications have to be updated. 
Turning now to the area of materials in more detail, I have shown in 
Fig.l7 a rib-stiffened panel. All of the three areas that I have mentioned 
under that heading can be summarized. First of all the material the panel 
is made of has to be characterized. Secondly, we have to look at the various 
fabrication techniques that might be used to assemble the panel. For 
example, it could be integrally stiffened as far as the longitudinal stiffeners 
are concerned. It could be welded on or riveted on, many ways, so there are 
various fabrication techniques. Finally, the material that is used for the 
panels may have to be improved to be able to live in the environment that 
the Navy intends _for these types of panels. 
In the area of structures, we have methods for analysis and design that 
have to be worked on, and these include those we have to predict the fatigue 
strength. We have to identify good structural details or we have to designate 
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clean designs. We have to predict the crack growth of the structural 
elements on the basis of small specimen tests. We have to predict critical 
crack sizes in the structure on the basis of small specimen tests. And 
finally, we have to predict the residual strength. If a high performance 
ship does hit a coral reef, how much load can it still sustain after that? 
All the analysis methods must be compared with experimental results obtained 
with the large-scale selective verification, see Fig. 18. Included are 
stiffened plates. We have an extensive program going on right now at the 
Materials Laboratory of the Naval Ship R & D Center that looks at stiffened 
plates under various types of loading. Also shown in the £ubstructure or 
box beam of the foil of a hydrofoil. This is the thing that really we took 
all the fairing off, and what you have left is a box, which is tested in the 
laboratory and compared with the results of analysis. 
the hull sections of the SES such as shown in Fig. 18. 
Larger specimens include 
Lastly, a reasonably 
good-sized hull model itself must be available for testing. We expect at 
some time, hopefully by December 1974 or so, we will have a section that is 
a hundred feet long of the hull which we will test in a test facility at 
the Naval Ship R & D Center. 
Finally, the needs in NOT can be looked at in two ways, namely an 
updating of standard techniques as well as developing new techniques as 
needed. The standard NOT techniques that have to be considered are radio-
graphy, ultrasonics, dye penetrant, eddy current, magnetic particle, visual 
techniques. More advanced but promising techniques include acoustic emission 
and holography. Acoustic emission, I think personally, is one method that 
deserves an awful lot of attention because you can tell a lot from the in-
service structure, but a lot more development is still needed. The standard 
techniques have to be updated. Within the ship community we have a lot of 
specifications and standards that date from the early sixties or late fifties. 
They have to be brought up to date, and whether you call that 1975 or 19--
in the future, it is a very necessary step. There are a lot of people who 
spend the money on these types of things who forget that old techniques can 
use a review. They think the standards and specifications that they have on 
hand are good enough. (See Fig. 19). 
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Nondestructive Evaluation 
Nondestructive evaluation is what I call this next portion of the 
discussion. A lot of speakers this morning talked about nondestructive 
evaluation, but I don•t think we mean the same thing. Nondestructive testing 
determines what you have. Nondestructive evaluation determines what happens 
because of what you have and, so, I think there is a distinction there that 
apparently a lot of people don•t feel exists because they use nondestructive 
evaluation in the sense that I use nondestructive testing. What you want 
is to determine what the structure will still do for you when defects are 
found. 
Within this nondestructive evaluation program, we have a coordinated 
program which involves the designer, the structural analyst and the non-
destructive test engineers. All of these things should not be in one person 
because you kind of lose control. You get too much compromise which leads 
to weakened fatigue and fracture control. 
What has to be done, after a flaw has been detected, it has to be 
evaluated. You have to define what you need to detect; inspection or 
surveillance periods, how often it should be done; where, what parts; you 
don•t have to look at the flag mast, you know, on the ship to make sure the 
thing stays afloat, so obviously, you don•t worry about that. But, there 
are other things 1 ike the hull that you float on that you do worry about. 
Finally, you have to have feedback from the fleet in order to make all 
of this work, because when you start out, the plan is just based on as~ump­
tions, and assumptions are in need of verification. 
Within the Navy we are examining how to utilize nondestructive evaluation. 
A schematic is shown in Fig. 20. I will briefly discuss Fig. 20. The 
approach is based on previous efforts by the Air Force, so some of you may be 
familiar with this, but I will cover it quickly. First of all, you have the 
nondestructive evaluation program for the particular structural element or 
structural component that is selected, Let•s say it is a fracture critical 
part. Then, once that selection is made, it goes to the designer who puts 
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it in the overall structure and then, really, the designer should make a 
decision as to whether the part should be a safe-line or a fail-safe com-
p0nent. Depending on what he chooses, the analyses or the approach to the 
analyses are going to be a little different. If he chooses safe-life, it 
means that supposedly no crack occurs during the life of the structure, or 
more realistically, that no crack will grow to a critical size during the 
life. What happens, once the decision has been made? The design goes to 
the structural analyst. He determines which defects must be found. Then it 
goes to the nondestructive test engineer and he says either the structural 
analyst made a lot of sense or the nondestructive test engineer rejects the 
requirements and it goes back again. If he passes it, then detailed require-
ments for NOT are set up by the nondestructive test engineer, and those 
detailed requirements are made a part of the final construction and service 
requirements on the high performance ships. 
In the fail-safe area, you have certain periods of inspection that are 
allowed so you can ,allow a crack to grow even within the overall life. Well, 
there are two aspects there. One is during the manufacturing phase. It is 
easy to detect flaws when you compare it to what you have to do in service, 
so you set up your requirements for that first inspection interval from the 
initial construction to the first inspection period. That essentially is 
a cycle similar to the safe-life period. Then after that, you go through in-
service monitoring based on the requirements that the designer would like to 
have; it goes to the structural analyst again; through the nondestructive 
test engineer; and it goes into the final construction drawings. After the 
ship is built you have to gather the data on the high-performance ship, how 
it really performs, and that has to be fed back into the system in order to 
build the confidence in the procedures. 
Summary 
I would like to summarize what I have tried to tell you. First of all, 
in order to get fatigue or fracture control for high-performance ships, we 
have to have a loop that is complete such as shown in Fig. 21. The loop has 
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critical elements. The first one is inspection. This is NOT. The second 
one is the material analysis. The third one is the structural analysis. 
Someplace between materials and structural analysis there can be a little 
overlap. All of the ingredients have to synthesized. It goes into a primary 
structure such as a hull, and then, of course, you put all components of 
the structure together and you come up with a high-performance ship flying 
along the water. 
We established that there is a potential in high performance ships 
for fatigue and fracture damage and, therefore, we have to take into acc~unt 
in our design; secondly, we feel that we can achieve structural reliability 
through an effective fatigue and fracture control plan. Thank you for 
your attention. 
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DISCUSSION 
DR. PAUL PACKMAN (Vanderbilt University): It is very interesting to see 
the Navy trying to use fracture mechanics. The question I have goes 
like this: In the design of the fracture critical parts for the F-111 
or for the B-1 or for the turbine engine design, we have a load 
excedence curve, but we have at least some beginning steps for under-
standing the load history of the part from which we can calculate or 
estimate the flaw growth from the fracture mechanics analysis. Is 
part of this Navy work to develop some load excedence curves for high-
performance ships in order to use the fracture mechanics? 
DR. VANDERVELDT: Within the establishment of this program in the Navy, 
we have a group of people from various areas that are working on how 
we can implement fatigue and fracture control. The highest priority 
item is the load definition, so there is a serious problem. 
DR. PACKMAN: That gives the most scatter in the prediction of lifetimes. 
DR. VANDERVELDT: I agree. You know, maybe I can explain it better if I 
add to it that for these types of ships, the Navy is a newcomer and 
that's why we did utilize Air Force technology where possible. Our 
experience is not very extensive, so you have to start someplace because 
if you don't make some assumptions someplace, you will never get out 
of the vicious circle. Therefore, initially, loads are based on 
conventional ship loads. 
DR. PACKMAN: Have you thought about using the rms delta K for the random 
loading process? 
DR. VANDERVELDT: By and large, they haven't done it like that, no. The 
emphasis has been to come up with a spectrum that is representative and 
use what actually results from that. Now, specifically on the foil, 
that box beam that I showed, we have developed a spectrum which we feel 
at this point is reasonably representative and is used in our fatigue 
program. 
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DR. DAVID LEE (Air Force Aerospace Research Lab): Along this general 
line, you spoke favorably, and I couldn•t agree with you more, 
about the statistical approaches to that type of analysis. Do you 
see ready acceptance of these approaches in the Navy? 
DR. VANDERVELDT: No. In fact, it took some time to introduce the word 
11 reliability 11 • At this time the statistical approach is at the 
research level. 
DR. DENNIS CORBLY (Air Force Materials Laboratory, WPAFB): How important, 
in line with Paul •s question, is retardation as we talk about it as 
applied to the materials that you have been referring to? I noticed 
your simple example in which you showed integration. Does retardation 
occur and significantly affect the growth? 
DR. VANDERVELDT: We know that it exists. We have noticed it, and in terms 
of the analytical aspects, we do try to keep it in mind. Some of the 
computer programs that were developed for the Air Force and also 
for NASA we do use with whatever is in those models already, but we, 
ourselves, have not included retardatio~effects. 
Does that answer it? 
DR. CORBLY: . Yes. 
PROF. H. TIERSTEN (Rensseller Polytechnic Institute): How do they actually 
go about detecting the beginning of the crack in something that is in 
use to find the initiation? What is being done now to find that crack 
in the propeller blade or what have you? 
DR. VANDERVELDT: ·Right now we are using the specifications as they were 
developed back in the sixties. 
PROF. TIERSTEN: What does that mean? I don•t know the specifications. 
Every so often do they check this thing? 
DR. VANDERVELDT: The propellers are taken out, yes. They are checked using 
dye penetrant and ultrasonics. These specifications do cover all of 
these areas. 
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PROF. TIERSTEN: And they are checked periodically according to certain 
rules? 
DR. VANDERVELDT: Yes. 
PROF. TIERSTEN: I see. 
DR. VANDERVELDT: But it is based on a qualitative approach, not a quanti-
tative approach. So, you see, the whole idea is to get away from this 
qualitative business where you are kind of hoping you did it right to 
a quantitative approach where you know you did it right. 
PROF. TIERSTEN: What I am wondering, what is the defect size that you detect? 
DR. VANDERVELDT: Well, you know, I can't answer that. It is an impossible 
question, I think, to answer. Within the Navy we have people that can 
detect flaws as small as they can detect on aircraft. It is not as 
necessary. Our structures are not that critical. But if you take some 
of our high-speed turbines, we do have to find very small flaws. So, 
I can't give you a straight answer on it, but this flaw that I used in the 
example was detected with ease on the propeller, if that gives you any 
better feel for it. 
PROF. GORDON KINO (Stanford University): Going back to this use of fracture 
analysis and looking for small cracks initially, is it the aim to look 
for one crack or basically do you look for statistical distribution 
of cracks? Do you see many, many cracks of smaller size than a given 
value, and then try to take some statistical average of that? On the 
other hand, do you actually look for the one mighty crack that is going 
to develop? 
DR. VANDERVELDT: Our approach is to look for the one crack. There is work 
going on within the laboratories following the statistical approach, 
but it is not being done in service. 
DR. GEORGE ALERS (Science Center, Rockwell International): To what extent 
are you writing into your procurement specifications the minimum crack 
size and these fracture mechanics parameters? 
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DR. VANDERVELDT: Right now, it is not being done. What we have 
established within the Navy to bring quantitative fatigue and fracture 
control about is a Program Analysis Advisory Group. It is a group 
of people that have been put together to determine how we can get 
these requirements into the Fleet, but it is not in the Fleet right 
now. It is not part of the procurement cycle. 
DR. DON THOMPSON (Science Center, Rockwell International): That refers 
to the branch of the Navy dealing with ships and not aircraft? 
DR. VANDERVELDT: That•s right. I am specifically referring to the ship 
part of the Navy. You were using HY-80 and HY-130 materials. We, 
in the Air Force, use a completely different set of materials. Last 
week, for example, I was looking up to find out where we use mild 
steels in the HY-80 and HY-130 class. It turns out the only place I 
could find that they are used is in ground support equipment, those 
things used to service the aircraft. 
DR. VANDERVELDT: Right. 
MR. ROBERT CRANE (Air Force Materials Laboratory, WPAFB): We do use the 
2000-series aluminum alloys, for example, so, are the specifications 
and standards which you developed going to be transferable to other 
parts of the services? 
DR. VANDERVELDT: I think they are going to be just as transferable as the 
1530 document is transferable to us. You take that basic information 
and you tailor it to your own needs because, obviously, the 
environment, the loads and the materials that we use are not the same 
as the Air Force. Then again, there are numbers of analysis techniques, 
utilization of the data, etc, that are exactly the same in principle. 
The details are different, but the principles are the same, so we don•t 
have to reinvent the wheel. 
MR. CRANE: Yes. 
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